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Abstract: Molecular interaction maps (MIMs) are static graphical representations depicting complex biochemi-
cal networks that can be formalized using one of the Systems Biology Graphical Notation languages. Regardless of
their extensive coverage of various biological processes, they are limited in terms of dynamic insights. However,
MIMs can serve as templates for developing dynamic computational models. We present MetaLo, an open-
source Python package that enables the coupling of Boolean models inferred from process description MIMs
with generic core metabolic networks. MetaLo provides a framework to study the impact of signaling cascades,
gene regulation processes, and metabolic flux distribution of central energy production pathways. MetaLo com-
putes the Boolean model’s asynchronous asymptotic behavior, through the identification of trap-spaces, and
extracts metabolic constraints to contextualize the generic metabolic network. MetaLo is able to handle large-
scale Boolean models and genome-scale metabolic models without requiring kinetic information or manual
tuning. The framework behind MetaLo enables in depth analysis of the regulatory model, and may allow tack-
ling a lack of omics data in poorly addressed biological fields to contextualize generic metabolic networks along
with improper automatic reconstructions of cell- and/or disease-specific metabolic networks. MetaLo is available
at https://pypi.org/project/metalo/ under the terms of the GNU General Public License v3.
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1 Introduction

Molecular interaction maps (MIMs) [1] are static graphical representations depicting complex biochemical net-
works that can be formalized using one of the Systems Biology Graphical Notation languages. Regardless of
their extensive coverage of various biological processes, they are limited in terms of dynamic insights. However,
MIMs can serve as templates for developing dynamic computational models [2-7]. We present MetaLo, an open-
source Python package that enables the coupling of Boolean models inferred from process description MIMs
with generic core metabolic networks. MetaLo provides a framework to study the impact of signaling cascades,
gene regulation processes, and metabolic flux distribution of central energy production pathways. MetaLo com-
putes the Boolean model’s asynchronous asymptotic behavior, through the identification of trap-spaces, and
extracts metabolic constraints to contextualize the generic metabolic network. MetaLo is able to handle large-
scale Boolean models and genome-scale metabolic models without requiring kinetic information or manual
tuning. The framework behind MetaLo enables in depth analysis of the regulatory model, and may allow tack-
ling a lack of omics data in poorly addressed biological fields to contextualize generic metabolic networks along
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with improper automatic reconstructions of cell- and/or disease-specific metabolic networks. MetaLo is available
at https://pypi.org/project/metalo/ under the terms of the GNU General Public License v3.

2 Methods

MetaLo’s general architecture is thoroughly detailed in [8] and presented in Figure 1. It allows the integration of a cell- and disease-
specific regulatory model with a generic reconstruction of human central metabolism in a context-specific manner through extraction
of constraints from metabolic components with a proven inactive state. In greater detail, the MIM is used as a basis to infer a reg-
ulatory Boolean model by CaSQ’s map-to-model framework [9]. The regulatory model’s trap-spaces are computed through Trappist
[10], reflecting the model’s asymptotic behavior, and particularly the asymptotic behavior of metabolic components (i.e. metabolic
enzymes and metabolites) under regulatory conditions. The value of trap-spaces relative to metabolic components are used to con-
strain the associated metabolic network’s fluxes in the generic metabolic model. For every metabolic component with a projected
maximal regulatory trap-space value equal to 0, the flux of its associated metabolic reactions (i.e. catalyzed reactions for enzymes
or producing reactions for metabolites) are constrained to 0. Two FBAs are performed using CobraPy [11] to evaluate the generic
metabolic model’s flux distribution in a control state (without any additional metabolic constraints) and a cell- and/or disease-specific
state (with additional metabolic constraints). Both FBAs are set with an objective function of maximum cellular ATP production to
reflect the primary energy production role of metabolism. FBA results are interpreted in terms of flux distribution through the ratios
of ATP production from glycolysis or oxidative pathways relative to total ATP production to highlight the main metabolic pathway of
ATP production in each situation.

3 Implementation

Written in Python, MetaLo is a pip-installable package intended to couple Boolean models inferred from process
description MIMs with generic metabolic networks. It allows assessing the impact of extracellular stimuli on
cellular signaling, gene regulation processes, and metabolic flux distribution, particularly its central function of
energy production in cell- and/or disease-specific contexts.

The packaging of the initial framework responds to the necessity of expanding its applicability beyond the
original studies it was conceived for and to a broader spectrum of systems hiology studies. This strategic evo-
lution, making the framework automatic and introducing a graphical interface, positions MetaLo as a flexible
and powerful tool for researchers seeking to delve into different layers of biological systems and their intricate

1 SBML
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Cell- and/or disease-specific initial conditions

1
Translation
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Figure 1: General architecture of Metalo, adapted from [8].
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interactions. The automation facilitated by the packaging enhances MetaLo’s accessibility, making it particu-
larly valuable for a wide audience that may not have in-depth knowledge of Python. MetaLo’s significance is
accentuated in a context where MIMs are increasingly employed, and there is a growing demand for more
comprehensive dynamic studies.

While we use the same global approach in the initial framework and MetaLo, the latter presents some differ-
ences in terms of the tools and libraries used to improve performance and facilitate packaging and distribution.
For instance, the previous step of application of CoLoMoTo’s [12] value propagation algorithm [13], to reduce
the complexity of the regulatory model before identifying its trap-spaces through the Java bioLQM toolkit [14],
is no longer necessary. The search for trap-spaces is now handled by Trappist [10], an open-source Python tool
for computing Boolean model’s minimal trap-spaces that, additionally, achieves the computation of trap-spaces
faster.

MetaLo is published under the GNU General Public License version 3.0 (https://pypi.org/project/metalo/). A
multiplatform graphical user interface is implemented using the wxPython toolkit (https://wxpython.org/) and
the Gooey parser (https://pypi.org/project/Gooey/). Thus, users do not need to be proficient in the Python pro-
gramming language as MetaLo can be operated in two ways, via the command line or its graphical interface
(Figure 2).
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Figure 2: MetaLo graphical interface. (A) Usage of MetaLo through the graphical interface or the command line. Minimal inputs required
are a cell- and/or disease-specific molecular interaction map in the CellDesigner XML file format and a generic constraint-based
metabolic network in the SBML format. Additional arguments may be specified including initial conditions for the simulation of the
regulatory model, specification for model inference through CaSQ or conduction of flux variability analysis instead of flux balance
analysis. (B) MetaLo analysis of RASFs regulatory impact upon metabolic processes. On top is the specification of analysis parameters
with the generic RA-map V2 and MitoCore’s metabolic model, RASF-specific initial conditions, CaSQ arguments for inference of the RASF
model, and running flux variability analysis instead of flux balance analysis. Below are displayed flux variability analysis results for main
uptake and secretion metabolic reaction fluxes and in terms of overall ratio of ATP produced through glycolytic pathways.
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MetaLo is interoperable with a wide range of systems biology tools as the input and output files required
are in standard formats. Two input files are required: a cell-specific MIM in the CellDesigner XML format [15]
and a generic metabolic network in the SBML format [16, 17]. Note that the MIM must be in an SBGN-compliant
process description format [18] and the metabolic components should share the exact same identifier in both
the MIM and the metabolic network (e.g. BiGG IDs [19], HMDB ID [20], MetaCyc ID [21]). MetaLo displays both
control and cell- and/or disease-specific FBA results along with ratios of cellular ATP produced through glycolytic
or oxidative pathways. It generates a variety of output files that include:
— A CaSQ-generated CSV file including all regulatory components names, logic formulae and aliases from
CellDesigner;
— A CaSQ-generated SBML file encoding the Boolean model in the standard SBML-qual format;
— A CaSQ-generated BNET file encoding the Boolean model for further use by Trappist;
— A Trappist-generated CSV file covering all computed trap-spaces of the regulatory model;
— A MetaLo-generated CSV file displaying control FBA results;
— A MetaLo-generated CSV file displaying cell- and/or disease-specific FBA results.

MetaLo relies on four external packages (i.e. CaSQ [9], CobraPy [11], Pandas, and Trappist [10]) and provides
the following additional options to: (i) infer a Boolean model only from specific sub-parts downstream and/or
upstream of specific components of the MIM, (ii) provide an additional CSV file including initial conditions to
forcefully initialize the regulatory model, and (iii) display flux variability (FVA) results instead of FBA results to
provide metabolic fluxes intervals rather than precise values.

4 Applications

To benchmark the performance and evaluate the results of MetaLo, its FVA results for RASFs and breast CAFs
were compared to the FBA results of the original publications [8, 22]. FVAs cover the whole range of optimized
fluxes, while FBA returns only one of the possible solutions. The comparison was made to ensure that the FBA
results of the published use cases lie within the MetaLo computed FVA flux-range.

4.1 Rheumatoid arthritis synovial fibroblasts

To study the impact of gene regulation and cell signaling machineries upon the metabolism of RASFs, we used
MetaLo to automatically couple the Boolean regulatory model inferred from the RA-map V2 [23] with MitoCore’s
[24] generic reconstruction of human central metabolism. However, the RA-map V2 is a global map, gather-
ing information from several cell types, tissues, and fluids such as RASFs, synovial tissue, synovial fluid, blood
and serum components, peripheral blood mononuclear cells, chondrocytes, and macrophages. Thus, several of
MetaLo’s options were leveraged. First, we inferred a Boolean model exclusively from RASF-specific pathways
within the RA-map, focusing on a designated set of components for exporting a subnetwork in both upstream
and downstream directions, rather than considering the global map. Second, we initialized the Boolean network
inferred from the latter submap in a cell- and disease-specific context through fixing its initial conditions (see
Figure 2B and the tutorial on https://pypi.org/project/metalo/). Finally, we displayed FVAs results instead of the
default FBA for comparison purposes.

MetaLo’s FVA results in terms of flux intervals cover the reaction flux value indicated by the FBA results
of the initial framework. Moreover, the ratios of ATP production through glycolysis are equal between both
analyses (i.e. 0.8505).

4.2 Breast-cancer associated fibroblasts

To study breast CAFs gene regulation and cellular signaling machineries impact upon metabolic fluxes distribu-
tion, we used MetaLo to automatically couple the Boolean regulatory model inferred from the CAF-map V2 [22]
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with MitoCore’s [24] generic reconstruction of human central metabolism. MetaLo’s additional arguments were
used to initialize the regulatory model in a cell- and disease-specific context through a set of breast CAF-specific
initial conditions and perform FVAs.

MetaLo’s FVA results in terms of flux intervals cover the reaction flux value indicated by the FBA results
of the initial framework. Moreover, the ratios of ATP production through glycolysis are equal between both
analyses (i.e. 0.8505).

5 Discussion

To decipher cellular phenotypes, it is essential to study metabolic networks in relation to their dynamic interac-
tions with upstream signaling cascades and gene regulation. In this context, we present MetaLo, an open-source
Python package coupling Boolean models inferred from MIMs, with generic metabolic networks. Translation
of Boolean trap-spaces into additional metabolic constraints allows to contextualize a metabolic network and
assess the impact of regulatory behavior upon metabolic flux distribution, and its energy production function.
MetaLo enables to leverage the advantages of MIMs (i.e. high quality and manually curated static knowledge
bases of interactions and entities) and Boolean model analysis (i.e. identification of asynchronous trap-spaces
providing a comprehensive analysis of asymptotic behavior) in the generation of contextualized metabolic mod-
els. MetaLo efficiently handles large-scale molecular and metabolic networks with hundreds of components
and can be applied to a wide range of biological contexts. Besides the command line, MetaLo is accessible via a
graphical interface, minimizing the usability barrier for scientists less computer-savvy.

Research ethics: Not applicable.

Author contributions: The authors have accepted responsibility for the entire content of this manuscript and
approved its submission.

Competing interests: The authors state no conflict of interest.

Research funding: None declared.

Data availability: Not applicable.

References

1. Kohn KW, Aladjem MI, Weinstein N, Pommier Y. Molecular interaction maps of bioregulatory networks: a general rubric for

systems biology. Mol Biol Cell 2006;17:1—13.

Hall BA, Niarakis A. Data integration in logic-based models of biological mechanisms. Curr Opin Syst Biol 2021;28:100386.

Hemedan AA, Niarakis A, Schneider R, Ostaszewski M. Boolean modelling as a logic-based dynamic approach in systems medicine.

Comput Struct Biotechnol J 2022;20:3161—72.

Kauffman S. Homeostasis and differentiation in random genetic control networks. Nature 1969;224:177—8.

Orth JD, Thiele I, Palsson B@. What is flux balance analysis? Nat Biotechnol 2010;28:245—8.

Marmiesse L, Peyraud R, Cottret L. FlexFlux: combining metabolic flux and regulatory network analyses. BMC Syst Biol 2015;9:1—13.

Chandrasekaran S, Price ND. Probabilistic integrative modeling of genome-scale metabolic and regulatory networks in Escherichia

coli and Mycobacterium tuberculosis. Proc Natl Acad Sci USA 2010;107:17845—50.

8. Aghakhani S, Soliman S, Niarakis A. Metabolic reprogramming in rheumatoid arthritis synovial fibroblasts: a hybrid modeling
approach. PLoS Comput Biol 2022;18:1010408.
9. Aghamiri SS, Singh V, Naldi A, Helikar T, Soliman S, Niarakis A. Automated inference of Boolean models from molecular interaction

maps using CaSQ. Bioinformatics 2020;36:4473 —82.

10. Trinh VG, Benhamou B, Soliman S. Trap spaces of Boolean networks are conflict-free siphons of their Petri net encoding. Theor
Comput Sci 2023;971:114073.

11. Ebrahim A, Lerman JA, Palsson BO, Hyduke DR. COBRApy: COnstraints-based reconstruction and analysis for Python. BMC Syst Biol
2013;7:1—6.

12. Naldi A, Hernandez C, Levy N, Stoll G, Monteiro PT, Chaouiya C, et al. The CoLoMoTo interactive notebook: accessible and
reproducible computational analyses for qualitative biological networks. Front Physiol 2018;9:680.

13. Hernandez C, Thomas-Chollier M, Naldi A, Thieffry D. Computational verification of large logical models—application to the
prediction of T cell response to checkpoint inhibitors. Front Physiol 2020;11:558606.

W

N o v



6 = S.Aghakhani et al.: MetaLo: Metabolic analysis of Logical models extracted from MIMs DE GRUYTER

14.

15.

16.

19.

20.

21.

22.

23.

24.

Naldi A. BioLQM: a Java toolkit for the manipulation and conversion of logical qualitative models of biological networks. Front
Physiol 2018;9:1605.

Funahashi A, Morohashi M, Kitano H, Tanimura N. CellDesigner: a process diagram editor for gene-regulatory and biochemical
networks. Biosilico 2003;1:159—62.

Hucka M, Finney A, Sauro HM, Bolouri H, Doyle JC, Kitano H, et al. The systems biology markup language (SBML): a medium for
representation and exchange of biochemical network models. Bioinformatics 2003;19:524 —31.

Keating SM, Waltemath D, K6nig M, Zhang F, Drager A, Chaouiya C, et al. SBML Level 3: an extensible format for the exchange and
reuse of biological models. Mol Syst Biol 2020;16:e9110.

Rougny A, Touré V, Moodie S, Balaur I, Czauderna T, Borlinghaus H, et al. Systems biology graphical notation: process description
language level 1 version 2.0. ] Integr Bioinform 2019;16:20190022.

King ZA, Lu J, Dréger A, Miller P, Federowicz S, Lerman JA, et al. BiGG Models: a platform for integrating, standardizing and sharing
genome-scale models. Nucleic Acids Res 2015;44:D515—22.

Wishart DS, Guo A, Oler E, Wang F, Anjum A, Peters H, et al. HMDB 5.0: the human metabolome database for 2022. Nucleic Acids
Res 2021;50:D622—31.

Caspi R, Billington R, Keseler IM, Kothari A, Krummenacker M, Midford PE, et al. The MetaCyc database of metabolic pathways and
enzymes — a 2019 update. Nucleic Acids Res 2019;48:D445—53.

Aghakhani S, Silva-Saffar SE, Soliman S, Niarakis A. Hybrid computational modeling highlights reverse warburg effect in breast
cancer-associated fibroblasts. Comput Struct Biotechnol ] 2023;21:4196 —206.

Zerrouk N, Aghakhani S, Singh V, Augé F, Niarakis A. A mechanistic cellular atlas of the rheumatic joint. Front Syst Biol
2022;2:925791.

Smith AC, Eyassu F, Mazat JP, Robinson AJ. MitoCore: a curated constraint-based model for simulating human central metabolism.
BMC Syst Biol 2017;11:1—13.



	1 Introduction
	2 Methods
	3 Implementation
	4 Applications
	4.1 Rheumatoid arthritis synovial fibroblasts
	4.2 Breast-cancer associated fibroblasts

	5 Discussion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


